ABSTRACT \ve present simplified model calculations for the steric properties of the transition-metal ions in various crystalline geometries on stepped surfaces.
I. INTRODUCTION
Surfaces of,crystals characterized by high Miller indices consist of te~races of low index planes separated by steps often one. atom in height.
There is experimental evidence that these atomic steps play an lmportant role in enhancing catalytic reactions in Ft . In particular, have shown that dissociative adsorption of diatomic molecules and aromatic hydrocarbons occur more readily on these stepped surfaces than on the low index planes of Pt, which is one of the best catalysts for a variety of surface chemical reactions.
Gold, the neighbor to platinum in the periodic table is relatively inert; none of the common adsorbates, including oxygen, have been found to chemis6rb on Au at room temperature. Chesters and Somorjai (1975) One would expect the local field experienced by a transition-metal ion arising from (1) the self-consistent field of the itinerant s electrons and (2) the crystal field from the lattice, to be different dep~nding on the ion's position: 1n the bulk, on the planar surface or near a step corner. This local field has two major effects:
(1) causing a sizeable'd-electroh transfer from the step corner to the bulk or vice versa, and (2) producing different d-orbital level splittings and different d-orbital occupations, depending on the position of the metal ion. of zero. Furthermore, the s-electron density is high -6-enough that the static screenLng is effective even at the corner so that the perturbation potential as a result of the initial charge transfer is almost completely screened at one lattice constant away.
(e) As a result, the first order correction to ~N°(r) may be neglected and it is adequate to assume for the outermost corner atom, electrons get "transfered out" by and for all other atoms, ~N(r) to be zero. Taking the value ~V =0.38 eV for W (Kesmodel and Falicov, 1975) as a typimax cal value, a knowledge of the Fermi level bulk electronic density of states for various transition-metals gives the measure of the d-electron transfer.
Given the number of localized d-electrons on a metal ion, the local field produces level splittings of the many electron ground states determined by Hund's rule for a free metal ion.
Splittings caused by the crystal field alone are at least twenty times larger than that caused by the potential arising from the s-like electrons given by Kesmodel and Falicov (1975) . Therefore, to the zeroth order, only crystal field effects need to be included in determining the occupation of the d-orbitals for metal ions at various surface 0 0
geometries. A scheme to study systematically the stereochemistry of metal ions at various surface geometries within our approximation emerges as follows:
(1) We choose across the periodic table ions (001) and (010). The labelS refers td the atoms on the step terrace and the labels cl and c2 denote the atoms at the step corner. The Cartesian axes x, y, z are chosen so that 1n both the fcc and bee geometries the step terraces lie in the x-y plane and the step ledges in the y-z plane.
(3) The point-charge ionic model is used in determining the energy levels of the d-electrons at the different sites S, c 1 and c 2 when the crystal field is turned on.
The crystal field theory is by now well established and has been widely applied in paramagnetic resonance calculations; several reviews exist in the literature (Hutchings, 1964; Abragam and Bleaney, 1970 To evaluate actually the matrix elements, V'<:> is first expanded in spherical harmonics and then their "Operator Equivalents" are obtained (Stevens, 1952; Racah, .1942; Buckmaster, 1962) .
The "Racah Operator Equivalents" we used are angular For the bee structure, the crystal field potentials expressed in terms of the "Operator Equivalents" are: Gold crystallizes in the fcc structure and its atom has the electronic configuration (Xe)6s 1 (5d) 10 . The bulk optical density of states at the Fermi level N(£r)-0.3 electron/eVatom (Krolikowski and Spicer, 1970) , then the zeroth order max1.mum charge transfer from the "outermost corner" atom cl will be-(0.38eV X 0.3)electron/eV-atom -0.1 electron.
This charge transfer is negligible. Then the atoms on corner sites ·as well as the atoms on low index step terraces have a nearly filled d-shell which implies non-reactivity in chemical reactions. This is consistent with the experimental findings that steps seem to play no significant role in enhancing reactivity.
Platinum also crystallizes irt the fcc structure and its electronic configuration is (Xe)6s 1 (Sd) 9 . Theor--14-etical calculations that fit optical data give N(£F)-2.1 electron/eV-atom (Mueller, Garland, Cohen and Benneman, 1971 ).
Hence, the maximum charge transfer becomes ( In principle, such a resonant state would be more reactive than a state which has the definite charge density configuration described by that of atom type S in Figure 7 .
The conjecture that thepe is perhaps a connection between bulk Fermi level density of states and the catalytic activity of transition-metals in the same series is not new.
However, due to the complexity of the problem, there is, to our knowledge, no existing quantitative theory. The inclusion of step geometries make the theoretical problem even more formidable.
It is fortuitous that the physical parameters I :2 -15-involved in this systematic study of transition-metals in stepped surfaces has allowed us to make several simplifying approximations and make this model calculation tractable.
The results of our calculation can interpret correctly the different roles played by ,atomic steps in the catalytically active metal Pt and the inert Au. It is well known that the chemisorption of gases on metal surfaces follow certain empirical rules of ordering (Somorjai and Szalkowski, 1971 ).
These rules are mostly governed by steric considerations. We believe our results as displayed in Tables 1-3 Step geometries chosen for (a) the fcc structure and (b) the bee structure. 
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